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ABSTRACT 

We present results from Chandra HETGS (250 ks over two epochs) and XMM-Newton EPIC and 
RGS (60 ks) observations of NGC 2110, which has been historically classified as a Narrow Emission 
Line Galaxy galaxy. Our results support the interpretation that the source is a Seyfert 2 viewed 
through a patchy absorber. The nuclear X-ray spectrum of the source is best described by a power 
law of photon index T ~ 1.7, modified by absorption from multiple layers of neutral material at a 
large distance from the central supermassive black hole. We report the strong detections of Fe Ka and 
Si Ka lines, which are marginally resolved with the Chandra HETGS, and we constrain the emission 
radius of the fluorescing material to 1 pc. There is some evidence for modest additional broadening 
at the base of the narrow Fe Ka core with a velocity ~ 4500 km s . We find tentative evidence for 
ionized emission (O vin Ly a, an O vin RRC feature, and possibly a Ne IX forbidden line) in the 
Chandra MEG and XMM-Newton RGS spectra, which could be associated with the known extended 
X-ray emission that lies ~160 pc from the nucleus. We suggest that the 10 23 cm~ 2 partially covering 
absorber originates in broad-line region clouds in the vicinity of the AGN, and that the 3 x 10 22 cm~ 2 
coverer is likely to have a more distant origin and have a flattened geometry in order to allow the 
small-scale radio jet to escape. 

Subject headings: galaxies: active - galaxies: Seyfert - galaxies: individual (NGC 2110) 



1. INTRODUCTION 

The discovery of broad emission lines in the po- 
lariz ed spectra of a numb er of Seyfert 2 galax- 
ies (|Antonucci fe Mi ller 1985j) has laid the framework 
for U nified models o f Active Galactic Nucle i (AGN) 
(e.g.. lAntonuccl 119931 : lUrrv fe Padovanil 119951 ). In the 
simplest Unification schemes, broad optical line objects 
(typically classed as Seyfert 1 galaxies) and narrow opti- 
cal line objects (Seyfert 2 galaxies) are intrinsically iden- 
tical, and the main discriminator between them is the an- 
gle to the line of sight made by an optically thick 'torus' 
that surrounds the nucleus. While these models have had 
remarkable successes in explaining the observed proper- 
ties of Seyfert 1 and Seyfert 2 galaxies, there remains 
some contrary evidence (e.g ., iMalkan et alj 119981 : iTranl 
1200 It iBuchanan et al.1 120061 ) that cautions skepticism 
about Unified models, at least in their simplest forms. 
One interesting example is the study of Narrow Emission 
Line Galaxies (NELGs), the subclass of Seyfert galaxies 
that were first identified at X-ray energies due to their 
strong and flat-spectrum (r~ 1 .5) 2-10 keV X-ray emis- 
sion (e.g., iMushotzkvl H98l 1 omero-Colmenero et al.l 
1996). Indeed, NELGs were proposed to contribute 
significantly to the fl at, low energy portio n of the X- 
ray background (e.g., iGendreau et al.l fl995T ). Although 
the optical spectra of NELGs is dominated by narrow 
(< 600km s _1 ) emission lines (jShuderiUMnh . consistent 
with Seyfert 2 galaxies, a number of them have broad Ha 
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emissio n, which is more reminisc ent of Seyfert 1 sources. 
This led lLawrence fe Elvis! (|1982D to suggest that NELGs 
may represent transition objects between the two classes. 

X-ray spectroscopy of the continuum, fluorescent emis- 
sion lines, and absorption features in the nuclei of Seyfert 
galaxies is an important probe of the geometry of AGN. 
In particular, studies of the Fe Ka line in Seyfert galax- 
ies with the Chandra High Energy Transmission Grating 
Spectrometer (HETGS) have shown that its profile tends 
to be complex, with a narrow " core" sometimes accompa- 
nied by broader emission (e.g.. lYaqoob fe Padmanabhanl 
2004). If the contributions to the Fe Ka line complex 
from the narrow and broad components can be accurately 
deconvolved, important constraints can be placed on the 
inclination of the AGN with respect to the observer, 
thereby providing a test of Unified schemes. While the 
narrow core is attributed to fluorescent emission at a 
large distance (^1,000 R g ) from the central black hole, 
plausibly in the form of a torus, the origin of any broad 
component that might be present remains ambiguous. 
For example, it could be a signature of the relativistic 
inner portion of the accretion flow, have an origin in the 
broad line region (BLR) , or simply be an artifact of inad- 
equately modeling the circumnuclear absorption or not 
adopting a self-consistent model of reflection in terms of 
line and continuum features. 

NGC 2110, the subject of this paper, is a nearby 
flat spectrum (r~1.5) NELG a redshift z=0.00801 
(Dt,=34.5 Mpc) HEAO-1 observations of the source 
(jMushotzkvl I1982D found an absorbed (iV H - 7 x 
10 22 cm -2 ) power-law spectrum, accompanied by short- 
timescale variability in hard X-rays, suggesting that the 
hard X-ray e mission originat e s with in 0.2 pc of the cen- 
tral engine. lHavashi et alj (|1996f ) demonstrated with 
Ginga and ASCA observations of NGC 2110 that the 2- 
10 keV X-ray spectrum is relatively flat, is accompanied 
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by an Fe Ka line, and that reflection i s not dominant 
in th is object. BeppoSAX observations (Malagut i et al.1 
1999) confirmed the 2-10 keV spectrum is rather flat 
(r~ 1 . 5-1 . 6) , but showed that it steepens to T = 1.9 when 
data above 13 keV are considered, consistent with typ- 
ical values (T=1.7-2.0) found in Seyfert type 1 sources 
(e.g jNandra fe Poundsll99"4T ). In short, there is evidence 
that both Seyfert 1 (hard X-ray luminosity, fast time 
variability) and Seyfert 2 (broad Ha line emission, large 
absorption at low energies) characteristics are present in 
the nuclear spectrum of NGC 2110. 

Further insights into the Seyfert classification of 
NGC 2110 come from observations of its Fe Ka line. 
Based on ASCA observations of a samp le of type 2 
Seyfer t galaxies (including NGC 2110), iTurner et al.l 
(1998) argued that the observed Fe Ka line profile is 
broadened and so consistent with an accretion-disk ori- 
gin, although narrow enough that the disk is oriented 
nearly face-on with respect to the observer, with an in- 
clination comp arable to type 1 Seyfert sou rces. An alter- 
native model (We aver fe Reynolds! 1 1998T ) interprets the 
line profile as the sum of an intrinsically narrow com- 
ponent, attributed to the circumnuclear absorber, and a 
broadened "diskline" inclined at an angle of 48° to the 
observer. This model is consistent with Unified AGN 
schemes in which Seyfert 2 galaxies are inclined at low 
(i.e., edge-on) to intermediate angles with respect to the 
observer. However, the CCD-quality spectral resolution 
of ASCA was likely insufficient to allow the deconvolu- 
tion of broad/narrow Fe Ka line emission and complex 
absorption effects, and so we aim to use the superior 
energy resolution of the Chandra HETGS instrument in 
particular to provide new insights to the geometry of the 
nucleus of NGC 2110. 

In addition to the debate surrounding the Fe Ka line, 
there remain several interpretations for the origin of the 
soft X-ray excess, first seen in the spectrum of NGC 
2110 at ene r gies b elow 1 keV (e.g., iMushotzkvl Il982f ). 
I Evans et al.l (|2006t ) presented a multiwavelength analy- 
sis of NGC 2110, using data from Chandra, HST, and 
VLA imaging observations of the circumnuclear extended 
emission in the source. We found resolved soft-band X- 
ray emission ~ 4" (~ 160 pc) north of the nucleus, which 
is spatially coincident with resolved [O ill] and Ha emis- 
sion, but lies just beyond the northern edge of the ra- 
dio jet. We considered the energetics of several different 
physical scenarios that may account for the extended X- 
ray emission, and demonstrated that it is possible that 
the radio jet has driven a strong shock through a se- 
ries of multi-phase clouds of gas. Alternative models, 
such as the scattering of nuclear radiation by a popula- 
tion of electrons, or the photoionizaton of ambient gas 
by the nucleus, may also be responsible for the extended 
emission. The high spectral resolution of the Chandra 
HETGS and XMM-Newton RGS instruments enable us 
to search for characteristic signatures of collisionally ion- 
ized and photoionizcd plasmas, and place important con- 
straints on the nature of the soft X-ray emission. Indeed, 
as part of an a rchival XMM-Newton RGS study of 69 
obscured AGN, iGuainazzi fe Bianchil (|2006[ ) detected a 
narrow (a < 3.2 eV) O vin Radiative Recombination 
Continuua (RRC) feature in NGC 2110, suggesting that 
photoionization may be important in the source. 

In this paper, we present the results of Chandra 



HETGS and XMM-Newton EPIC and RGS observa- 
tions of the continuum, reflection spectrum, absorption 
features and ionized lines in the nuclear spectrum of 
NGC 2110, and use this to constrain the geometry of 
the source and therefore test AGN unification models. 
In Section 2, we describe the data and summarize their 
reduction. In Section 3, we present a variability anal- 
ysis of NGC 2110. In Section 4, we provide an ini- 
tial parametrization of the broad-band continuum of the 
source, while in Section 5, we present high-resolution 
Chandra HETGS spectroscopy of the fluorescent reflec- 
tion spectrum. We present evidence for excess photoelec- 
tric absorption at Fe and Si in Section 6, which motivates 
us to examine a more complex model for the X-ray con- 
tinuum in Section 7. We discuss the low-energy (<1 keV) 
emission spectrum in Section 8, and briefly show the 
CCD spectrum of a contaminating point source in Sec- 
tion 9. In Section 10, we interpret the results in terms of 
the geometry of the AGN and the origin of the reflection 
spectrum. We end with our conclusions in Section 11. 

All results presented in this paper use a cosmol- 
ogy in which Sl m , = 0.3, Qa,o = 0.7, and H = 70 
km s _1 Mpc -1 . All spectral fits include absorption 
through our Galaxy usin g A^H,Gai=l-76 x 10 21 cm~ 2 
(|Dickev fe Lockmanlll990D , although an alternative valu e 
of 1.82 x 10 21 cm" 2 was measured bv lElvis et all (|1989h . 
The energies of any emission and absorption features are 
quoted in the source rest frame. Errors quoted in this 
paper are 90 per cent confidence for one parameter of in- 
terest (i.e., Xmin + 2-7), unless otherwise stated. When 
distinguishing between different model fits to the data, 
we consider i^-statistic results, and we adopt a thresh- 
old of 95% for a significant improvement in the fitting 
statistic. 

2. OBSERVATIONS AND DATA REDUCTION 

NGC 2110 was observed with the Chandra High En- 
ergy Transmission Grating Spectrometer on four occa- 
sions: the first three observations (PI J. C. Lee) were 
performed within three days of each other in 2001 De- 
cember (OBSIDs 3143, 3417, and 3418), while the fourth 
(P.I. T. J. Turner) was performed on 2003 March 05 (OB- 
SID 4377). NGC 2110 was observed with XMM-Newton 
EPIC and RGS instruments on 2003 March 05 (OBSID 
0145670101, PI T. J. Turner), as part of a simultaneous 
observation of the source with Chandra (OBSID 4377). 
A summary of the observations is given in Table [TJ In 
Sections [2~T1 12.21 and !2.3l we describe how we reduced the 
HETGS, EPIC, and RGS data, respectively. 

2.1. Chandra HETGS 

The 2001 December set of Chandra HETGS observa- 
tions were performed in an interleaved mode, with 3 
frames of 3.2 seconds alternated with 1 frame of 0.8 sec- 
onds. However, alternate-frame data processed with ver- 
sions of the Standard Data Processing software prior to 
v. DS 6.9 contain an error in the pipeline derivation of 
the DTCOR (=LIVETIME/ONTIME) keyword, result- 
ing in incorrect exposure times. We therefore requested 
a special reprocessing of the data by the Chandra Sci- 
ence Center using the latest SDP software in order to 
resolve this error. The 2003 March observation was per- 
formed with a 2.5 s frame exposure time, and no special 
reprocessing was necessary. 
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Before extracting the gratings spectra, we inspected 
images of the dispersed X-ray spectra in order to search 
for unrelated X-ray sources. We found that the MEG+1 
dispersion axis for the Chandra observation performed 
in 2003 March (OBSID 4377) is contaminated by an un- 
related soft X-ray source on the ACIS-S4 chip at ~ 9" 
from the nucleus, corresponding to a dispersion energy 
of ~1 keV. This source was masked from our analysis. 
We report on this source in Section [9l 

Spectra and instrument responses were generated us- 
ing CIAO V3.3. 0.1 and analyzed usi ng the ISIS spectral 
fitting software (jHouck et al. 1 12002). For improved ac- 
curacy, we used an internal-release version of the OSIP 
file, which is now publicly available in the latest version 
of CIAO, V3.4. The +1 and -1 orders of the HEG were 
combined, as were the +1 and —1 orders of the MEG. For 
the 2003 December series of exposures, this method was 
applied individually to the 0.8-second frame time data 
and 3.2-second frame time data, resulting in 6 sets of 
spectra and response files for the HEG and MEG, before 
co-adding the 0.8 s and 3.2 s data for each observation to 
leave three datasets for each of the HEG and MEG. The 
2003 March HETGS observations were not performed in 
interleaved mode. 

Initially the four datasets were analyzed separately to 
search for temporal variability in either line or contin- 
uum features. Our analysis showed the spectra of the 
three 2001 December observations to be consistent with 
each other. In Section [3j we demonstrate that the 2003 
March data were consistent with the 2001 December data 
in terms of spectral shape, and varied only in terms of 
overall luminosity. This motivates our decision to com- 
bine the four HETGS datasets for our spectral analysis, 
which results in a total observation time of 209 ks for 
each of the HEG and MEG. 

2.2. XMM-Newton EPIC 

In our XMM-Newton EPIC analysis we considered 
data from the pn camera only, which was operated in 
the Large Window mode with the thin optical blocking 
filter in place. The results presented here were obtained 
using the SAS version 7.0.0. Calibrated event files were 
generated using the EPCHAIN scripts. 

To check for intervals of high particle background, light 
curves were extracted for the CCD on which the source 
is located, excluding large circle centered on the source 
itself. The events were filtered to include only those with 
PATTERNS and FLAG=0 attributes, and for an en- 
ergy range of 10-12 keV. Inspection of the lightcurves 
revealed a significant impact from flaring. We adopted 
a conservative count-rate filtering criterion of 0.025 s , 
which reduced the exposure time from 47.8 ks to 34.3 ks. 

The XMM-Newton observation of the nucleus of 
NGC 2110 is only marginally affected by photon pilcup. 
We demonstrate this using two independent methods. 
First, we determined the count rate in a 35" source- 
centered circle with no PATTERN, FLAG, or energy fil- 
tering. The count rate is ~3 s^ 1 , c.f. the maximum 
recommended co unt rate in this configuration to avoid 
pileup of 10 s- 1 (jEhle et al.ll2006h . Second, we used the 
SAS task epatplot to determine the fractions of single- 
and double-pixel events as a function of energy, quan- 
tities which are sensitive to photon pileup. The task 
shows that the ratios are consistent with an observation 



free from pileup to energies ^9 keV. Our analyses indi- 
cate that, although present, photon pileup is unlikely to 
significantly affect the results of our spectral analysis. 

2.3. XMM-Newton RGS 

The XMM-Newton Reflection Grating Spectrometer 
(RGS) data were reduced with SAS version 7.0.0, us- 
ing the standard task RGSPROC to produce spectra and 
responses for the RGS1 and RGS2 cameras. Lightcurves 
of background events showed the RGS data to be affected 
by flaring in the same manner as the XMM-Newton EPIC 
data, and we subsequently created a GTI table, which 
was used as an additional input to the task RGSPROC at 
the filter entry stage, reducing the exposure time to 
42 ks. In our analysis, data from the RGS1 and RGS2 
cameras were not co-added. 

3. VARIABILITY 

In order to assess whether we could co-add the spectra 
from all four Chandra observations, we performed a sim- 
ple variability analysis of the HETGS data. We extracted 
lightcurves from all four epochs of Chandra HETGS data 
using the AGLC 5 script, for the soft (0.5-2 keV) and hard 
(2-7 keV) bands. The lightcurves, which comprise data 
from the +1 and -1 order of the HEG and MEG, are 
binned to 500-second time intervals and shown in Fig- 
ure Q] The first three observations, performed in 2001 
December, show no variability, and hence the data were 
combined for subsequent analysis. However, the fourth 
observation, performed in 2003 March, shows a signifi- 
cant decrease in count rate by the same factor in both 
the soft and hard bands. 

Next, we searched for variability in the spectral shape 
of NGC 2110 by extracting spectra for the 2001 Decem- 
ber Chandra HETGS observations (the three separate 
exposures were combined), and the 2003 March Chandra 
HETGS and XMM-Newton EPIC observations. We fit- 
ted an absorbed power law to the three spectra in the 
energy range 2-9 keV, excluding the Fe Ka bandpass of 
6.0-7.2 keV. Figure [2] shows 90% confidence (for two in- 
teresting parameters) contours for the intrinsic absorp- 
tion (Ah) and photon index (r) for the three sets of 
spectra. This illustrates that the continuum spectral pa- 
rameters are consistent across the three datasets, and 
that the only observed variability is simply in the over- 
all luminosity of the source. This motivates our choice 
to co-add the 2001 December and 2003 March HETGS 
data. 

4. INITIAL PARAMETRIZATION OF THE CONTINUUM 
AND SOFT EXCESS 

We attempted an initial analysis of the continuum 
spectrum of NGC 2110 using the Chandra MEG spec- 
trum (summed over all four epochs) and the XMM- 
Newton pn spectrum. As we go on to describe in Sec- 
tions [5] and El the model fits described here do not rep- 
resent the final parametrization of the continuum spec- 
trum, necessitating a more complex model which we dis- 
cuss in Section [7] The data were grouped to a minimum 
of 100 counts per bin. We fitted an absorbed power law 
to the data over the energy range 2-9 keV, excluding the 
Fe Ka bandpass of 6.0-7.2 keV. We kept all parameters 

5 http:/ /space. mit.edu/cxc/analysis/aglc/ 
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linked across both datasets, except for the normaliza- 
tions of the power laws. The continuum was well fit- 
ted with a power law of photon index T = 1.45 ± 0.05 
(but see Section [7]) and intrinsic neutral absorption of 
Ah = (2.89 ± 0.16) x 10 22 cm" 2 . We then included data 
in the energy range 0.5-2 keV, which clearly shows a soft 
excess at energies Ss 1.5 keV. Figure [3] shows the spectra 
and data/model ratio for both the MEG and pn data in 
the energy range 0.5-9 keV (note that the response of the 
MEG is poor above ~ 6 keV), and shows the soft excess 
and Fe Ka line. It is clear from Figure [3] that the soft 
excess observed in the XMM-Newton spectrum is greater 
than that in the Chandra spectrum. This is highly likely 
to be related to the presence of extended X-ray emis- 
sion that our Chandra ACIS-S observation (| Evans et al.l 
2006) reveals to lie ~ 30" south of the nucleus. 

In order to model the soft excess, we added an unab- 
sorbed power law, with its photon index linked to that 
of the heavily absorbed primary power law. Again, the 
Fe Ka bandpass of 6.0-7.2 keV was excluded from our 
continuum fits. The model provided a good fit to the 
data [x 2 — 606.55 for 698 degrees of freedom (dof)]. An 
improvement in the fit statistic (Ax 2 = 9.08 for one addi- 
tional parameter) was achieved with the inclusion of mild 

neutral absorption [A H = (4.16l|;ijg) x lo2 ° cm ~ 2 ] 011 tnc 
soft power law, in excess of the Galactic column. In this 
case, the photon index is T = 1.40 ± 0.04 and the intrin- 
sic absorption associated with the primary power law is 
A H = (2.80±o;Jg) x 10 22 cm" 2 . This improvement is sig- 
nificant at 99.9% based on an F-test. Figure [4] shows 
the counts spectrum and data/model residuals for this 
fit, and Table [2] shows the best-fitting model parameters. 
Finally, we note that other models for the broad-band 
continuum, such as (1) the sum of a power law and a disk 
blackbody, both modified by the same cold absorber, or 
(2) a heavily absorbed power law plus a thermal (apec) 
component, fail to fit the soft excess below ^1 keV. 

5. THE REFLECTION SPECTRUM 

In our initial parametrization of the nuclear contin- 
uum, we find that the Chandra HETGS spectrum of 
NGC 2110 contains prominent fluorescent emission from 
neutral states of Fe and Si. We also report the additional 
detection of fluorescent S Ka emission, as well as tenta- 
tive evidence for Ar and Ca Ka lines. In Section 15. li 
we describe in detail our analysis of the narrow Fe and 
Si Ka line cores, while in Section [5. 21 we examine if there 
is accompanying broadened Fe Ka emission. 

5.1. The Fe and Si line cores 

We used the Chandra HEG data to study features in 
the Fe K bandpass. The data were grouped to a mini- 
mum of 4 channels per bin (bin size=0.0lA) with at least 
25 counts in each bin, in order to ensure the applicabil- 
ity of x 2 statistics. With these requirements, the data 
in the Fe K bandpass is binned to the full instrumen- 
tal resolution of the HEG. We fitted a heavily absorbed 
power law to the HEG data over the energy range 4-9 
keV, ignoring for the time being the Fe K bandpass of 
6.0-7.2 keV. The continuum parameters were consistent 
at the la level with those found in Section |U With the 
continuum parameters left to freely vary, we included the 
Fe K bandpass in our spectral fitting and added a Gaus- 
sian of initial centroid energy 6.4 keV to represent the 



Fe Ka emission line, and allowed its energy, linewidth 
and normalization to vary freely. This resulted in a good 
fit to the data (x 2 = 169.31 for 154 dof, c.f., x 2 = 184.06 
for 155 dof when the line width was frozen at an unre- 
solved value). The energy of the line, E = 6.397 ± 0.007 
keV (90% confidence for two interesting parameters), is 
consistent with emission from neutral, or near-neutral 
species of iron. Figure [5] shows confidence contours of 
the energy and width of the Fe Ka line. The Fe Ka line 
is marginally resolved, with a width of a — 19+g 3 eV, 
c.f., the instrumental resolution of the HEG at this en- 
ergy of a ~14 eV. This corresponds to an intrinsic ve- 
locity width of 900^ km s -1 . The equivalent width 
of the line is 110 ± 20 eV, where the error quoted here 
takes into account only the 90% confidence (for one in- 
teresting parameter) uncertainty on the normalization 
of the Gaussian. The addition of an Fe K/3 line width 
with free energy and normalization, and linewidth tied 
to that of the Fe Ka line, failed to provide a significant 
improvement to the fit. As an additional test, we used 
the XMM-Newton pn data to model emission in the Fe 
K bandpass. The best-fitting energy of the Fe Ka line 
in the XMM-Newton data is 6.41 ± 0.02 keV, and for the 
Fe K[3 line is 7.05 ± 0.06 keV. The ratio of the intensi- 
ties of the two lines is consistent with the canonical value 
150/17. 

Next, we measured the strong emission from Si Ka 
that is detected in the Chandra HETGS spectra. We 
used the good effective area of both the Chandra MEG 
and HEG instruments at 1.7-2 keV to search for emis- 
sion and absorption features associated with Si. The 
data were grouped to a minimum of 4 channels per bin 
with at least 20 counts in each bin. We used the ini- 
tial continuum model described in Section [3] plus a Si K 
edge (discussed in detail in Section 16. 2p to fit the spec- 
tra over an energy range 1.5-6 keV (MEG) and 1.5-9 
keV (HEG), excluding the Fe K bandpass of 6.0-7.2 keV 
and, initially, the Si Ka bandpass of 1.70-1.76 keV. This 
model provided a good fit to the data (x 2 — 835.22 for 
831 dof). We included the energy range 1.70-1.76 keV in 
our spectral fitting, and still found an acceptable fit to 
the data (x 2 — 905.56 for 868 dof). Allowing the contin- 
uum parameters to vary, we added a Gaussian of initial 
centroid energy of 1.74 keV in order to model the Si Ka 
emission line, and allowed its energy, width and normal- 
ization to be free parameters. The inclusion of the line 
resulted in a significant decrease in the fitting statistic 
to x 2 = 873.35 for 865 dof. Figure E shows the MEG 
spectrum and best-fitting model in the Si K bandpass. 
Figure [5] shows confidence contours of the energy and 
width of the Si Ka line. The line is marginally resolved, 
with a 90% confidence (for two interesting parameters) 
width of o~ = 3.6^ 2 'q eV [c.f., the instrumental resolution 
at this energy of a ~1 eV (HEG) a ~2 eV (MEG)]. This 
corresponds to a velocity width of 600^30° km s — 1 . We 
note that x 2 = 884.81 for 866 dof when the line width 
was frozen at an unresolved value. The energy of the line, 
E = 1.740 ± 0.002 keV (90% confidence for two interest- 
ing parameters) , is consistent with emission from neutral 
silicon. The equivalent width of the line is 5.6l 2 'g eV. 

In addition to the Si Ka line, we report the detection 
of S Ka emission, as well as tentative detections of Ar 
Ka and Ca Ka lines. The parameters of all fluorescent 
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emission lines detected with the Chandra HETGS are 
given in Table [H 

5.2. Evidence for modest broadening? 

Figure [7] shows the HEG counts spectrum in the en- 
ergy range 5.8-7 keV, together with the model fit con- 
sisting of a continuum and narrow Fe Ka line described 
in Section 15.11 (shown in light gray). There appears to 
be evidence for modest broadened emission in the few 
bins either side of the base of the narrow Fe Ka line 
core. We added to the model a second, more broad- 
ened, Gaussian line, with its energy tied to that of the 
narrow core and left its width and normalization as free 
parameters. This resulted in an improved fit to the data 
(X 2 = 162.89 for 152 dof), which is significant at 95% 
on an F-test. The best-fitting width of this broadened 
feature is a = 96T^ eV, which corresponds to a velocity 
width of 4500±22oo km s_1 - The equivalent width of the 
broad feature in this model is 631 3 q e V, an< ^ is SlI" 2 ,^ eV 
for the narrow core (see Figure [7]) . 

6. EXCESS ABSORPTION 

6.1. The Fe K Edge 

We used the high signal-to-noise of the XMM-Newton 
pn observation to determine if any excess absorption 
at the Fe K edge is present, as first detected by 
iMalaguti et all (| 19991) using BeppoSAX. We prefer to 
use the XMM-Newton data, owing to their higher S/N 
when compared with the Chandra HETGS data. The 
model fits were performed between 4 and 9 keV, and the 
data were grouped to 100 counts per bin. We fitted a 
model consisting of an absorbed power law and two nar- 
row Gaussian emission lines (with a frozen at 10 eV) to 
model contributions from Fe Ka and K/3, which provided 
an acceptable fit { X 2 = 188.62 for 195 dof). We added 
an additional neutral Fe K edge to the model, which re- 
sulted in an improved fit to the spectrum {\ 2 = 183.62 
for 193 dof). The best-fitting optical depth of the edge 
is 0.071q q4, which is consistent with the value found 
by IMalaguti et all (|1999D . and corresponds to a column 
density Nh = (6 *3) X 10 22 cm" 2 ass uming the Fe cross 
section given bv lLeahv fe Creightonl (|1993l ). Finally, we 
searched for additional Fe K absorption in the Chandra 
data, and measured an excess optical depth that is con- 
sistent with the XMM-Newton data. 

6.2. The Si K Edge 

We found evidence for excess absorption at Si K in 
the Chandra HETGS data. The HEG and MEG spectra 
were grouped to a minimum of 4 channels per bin with at 
least 20 counts in each bin. We added an additional edge 
to the continuum model found in Section [H and allowed 
the continuum parameters to vary. This resulted in a 
large improvement in the fit (A\ 2 = 22.72 for two addi- 
tional parameters). The best-fitting energy of the edge is 
1.847±g;g^ keV and its optical depth 0.13±g;g|. The en- 
ergy of the edge is consistent with neutral or near-neutral 
states of Si (the neutral Si K edge has an energy of 1.839 
keV). Calibration uncertainties of the MEG and HEG 
instruments introduce an additional systematic error to 
the optical depth of ±0.04 (M. Nowak, private commu- 
nication). As an additional test, we searched for excess 



Si K absorption in the XMM-Newton data, and found an 
excess optical depth of r = 0.12 ± 0.04, consistent with 
the Chandra data. 

7. EVIDENCE FOR MULTIPLE LAYERS OF ABSORPTION 
AND THE FINAL PARAMETRIZATION OF THE 
BROAD-BAND SPECTRUM 

We have demonstrated that there is evidence for ab- 
sorption in the nuclear spectrum of NGC 2110 that can- 
not be fully accounted for by a fully-covering, Compton- 
thin (Nn ~ 3 x 10 22 cm~ 2 ) absorber. In our present 
parametrization of the continuum (see Section 3]) , the 
photon index of the continuum is unusually flat (r ~ 
1.4), although BeppoSAX observations suggest that 
the photon index steepe ns to r=1.9 when da ta above 
13 keV are considered (jMalaguti et all I1999D . Moti- 
vated by this, we investigated the possibility that an 
additional layer of cold absorption is required to ad- 
equately fit the 0.5-9 keV spectrum. We adopted a 
partial-covering model, implemented in XSPEC/ISIS as 
ZWABSxzpcfabsxzpcfabs(powerlaw). The individ- 
ual column densities A^.i, ^Vh,2, and AT Hi3) respectively 
have covering fractions c\, C2, and C3, where C3=l is a 
fully-covering screen (in order to model very mild absorp- 
tion associated with the soft excess that we detected — 
see Section S]). We included neutral fluorescent lines from 
Fe and Si, and allowed the normalizations of all compo- 
nents to vary across the three datasets. The data were 
grouped to 100 counts per bin, and the model fits were 
performed between 0.5-9 keV, with the exception of the 
MEG, for which the model fits were performed between 
0.5-6 keV. 

The best-fitting model consisted of a power law of pho- 
ton index T ~ 1.7, absorbed by columns A/h,i=1-3 x 
10 23 cm" 2 (ci=32±l%), 7V H ,2=2.8xl0 22 cm" 2 (c 2 =96± 
0.1%), and A H ,3=7.7 x 10 20 cm" 2 (c 3 =100%). There are 
significiant degeneracies between the covering fractions, 
and so we simply quote the 90% confidence (for one inter- 
esting parameter) uncertainties on these parameters. In 
terms of the transmission fractions, ~31% of the emission 
is absorbed by an integrated column of 1.6 x 10 23 cm~ 2 , 
-1% by 12.9 x 10 23 cm" 2 , -65% by 2.8 x 10 22 cm~ 2 , and 
the remaining 3% by 7.7 x 10 20 cm -2 . This model pro- 
vided an excellent fit to the spectrum (x 2 =828.84 for 993 
dof), which is a substantial improvement over the model 
described in SectionH (x 2 =881.14 for 995 dof). Further, 
the photon index of the power law is significantly steeper 
than the previous model, and is now consistent with typi- 
cal values found in Seyfert galaxies. The inclusion of the 
8 x 10 20 cm~ 2 absorber provides a significantly better 
fit to the data over models in which this extra absorp- 
tion is absent. This column may represent an additional 
Galactic column towards NGC 2110, since the value we 
adopted in our analysis (iV~H.Gai = 1.76 xlO 21 cm~ 2 - 
iDickev fe Lockmanl [l990h is an interpolated one. The 
parameters of the best-fitting multiple absorber model 
are given in Table H and the MEG, HEG, and XMM- 
Newton pn counts spectra are shown in Figure fTOl 

Given that there is clear evidence of Compton reflec- 
tion as suggested by the strong detections of fluorescent 
Ka line emission, we evaluate the reflection spectrum by 
including a continuum in the form of a pexrav model 
(jMagdziarz fe Zdziarskil fl995l ) . We added to the spec- 
tral model the reflection-only component of the pexrav 
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model, with the photon index tied to that of the primary 
power law, the inclination angle frozen at 45°, abun- 
dances frozen at solar, and free normalization (although 
we linked the normalizations of the MEG and HEG). The 
addition of the PEXRAV component resulted in a modest 
decrease in the fitting statistic (x 2 =824.00 for 991 dof), 
which highlights the relative insensitivity of the data to 
the reflection component at energies <10 keV. 

Finally, we investigated the Fe Ka line profile with the 
new continuum models and found the addition of more 
complex absorption or reflection components had no ef- 
fect on the measured parameters of the narrow line core 
or modestly broadened feature, which retrospectively jus- 
tifies our use of a simple, absorbed power law model for 
measuring the line parameters in Section [5] 

8. THE LOW-ENERGY SPECTRUM 

We examined data at energies <1 keV from the Chan- 
dra MEG and XMM-Newton RGS instruments. The de- 
tection of features in this energy range is difficult, owing 
to the high Galactic column towards NGC 2110, as well 
as the modest intrinsic flux of the source at this energy. 
To make a better assessment of genuine emission and ab- 
sorption lines in the spectrum, we considered data from 
the two Chandra epochs separately, and did not co-add 
the data from the two XMM-Newton RGS cameras. 

All data were binned to the full instrumental resolution 
of the XMM-Newton RGS camera at 0.5 keV of -0.075A. 
A spurious emission feature was detected in the XMM- 
Newton RGS1 camera at an observed energy of ~0.37 
keV. This feature was not evident in the RGS2 camera, 
and is possibly associated with anomalously high dark 
currents in CCD2 6 . The four spectra in the energy range 
0.5-1 keV are shown in Figure [TT1 

We searched for features in the low energy spectrum 
by plotting all potential (1) Ka transitions from neutral 
elements, (2) H- and He-like emission lines, (3) radiative 
recombination continuua (RRC) features, and (4) other 
0.5-1 keV transitions detected with XMM-Newton and 
Chandra gr ating observations of the Seyfert 2 galaxy , 
NGC 1068 (|Kinkhabwala et al.ll200l lOrie et all 120031 . 
There appears to be tentative evidence of ionized emis- 
sion in the form of O vin Ly a emission in three of 
the four observations, as well as the O VII I RRC fea- 
ture first reported by iGuainazzi fe Bianchil (|2006f h A 
potential Ne IX forbidden (z) line is also observed at the 
1-2(7 level. There appears to be a line in the spectra of 
both RGS instruments at an observed energy of 0.76 keV. 
However, this line is not detected in either Chandra MEG 
observation, it does not correspond to any of the transi- 
tions we searched for above, and its energy is inconsistent 
with any of the promi nent lines in the co llisionally ion- 
ized plasmas used by lEvans et al.l ((2006) to model the 
extended X-ray gas environment of the source. There- 
fore, we do not study this feature further, and speculate 
that it may be an instrumental artifact. 

The potential detection of such ionized features, even 
at modest significance, is interesting, and we discuss this 
further in Section [TOl 

9. CCD SPECTROSCOPY OF THE CONTAMINATING 
POINT SOURCE 

6 See [http:// xmm.vilspa.esa.es/external / xmm.user .support / 
documentation / uhb/ AMM_Urit5.html 



In our initial data analysis, we identified a contam- 
inating soft X-ray source coincident with the MEG+1 
dispersion axis in the 2003 March Chandra observation 
(OBSID 4377). The source lies ~ 9' from the nucleus, 
at a position 05:52:03.145, -07:18:40.65 (J2000), and is 
marginally spatially extended in our Chandra image. In- 
spection of an archival 2MASS image shows a source of 
J-band magnitude 9.2 that is spatially coincident with 
the soft X-ray source, and is accompanied by a fainter 
source of J-band magnitude 12.0 that lies ~ 7" south- 
east and extends along the same position angle as the 
Chandra source. 

We extracted the X-ray spectrum of the source(s) us- 
ing the CIAO SPECEXTRACT script from a 24" x 14" 
rectangle, with background sampled from a large off- 
source region free from point sources. Single-component 
models of either a power law or thermal APEC emission 
of abundance fixed at solar failed to provide an ade- 
quate fit to the spectrum, but the combination of the 
two provided a good fit to the data (\ 2 — 21.96 for 15 
dof). The best-fitting parameters are T = 2.6 ± 0.4 and 
kT = 1.0 ±0.2 keV, and the 0.5-2 keV unabsorbed X-ray 
flux is 3.6 x 10 -13 ergs cm -2 s _1 . 

The origin of the source(s) is unclear, although we 
note that its X-ray spectrum might be consistent with an 
AGN embedded in a group-scale X-ray gas atmosphere. 

10. INTERPRETATION 

The nuclear spectrum of NGC 2110 is well-described by 
a power law that is absorbed through one or more layers 
of neutral material, together with a reflection spectrum 
in the form of a fluorescent Ka lines from Si, S, Ar, Ca, 
and Fe. In this section, we use the Ka lines to diagnose 
the origin of the fluorescent emission fi jl0.1|) , discuss al- 
ternative models for the geometry of the circumnuclear 
absorption ( 310. 2|) . consider NGC 2110 in the context of 
the Narrow Emission Line Galaxy phenomenon ( §10. 3|) . 
and finally f H10.4[) comment on the physical processes 
responsible for the soft X-ray emission. 

10.1. Fe Ka line diagnostics 

The strong Si Ka and Fe Ka lines detected with the 
Chandra HETGS allow us to use them to place con- 
straints on the location and physical state of the fluoresc- 
ing material. The energies of the line cores, 1.740±0.002 
keV and 6.397 ± 0.007 keV respectively, are consistent 
with fluorescence from neutral or near-neutral species of 
Si and Fe. The measured Ka line width and the es- 
timatcd black hole mass of 2 x 10 8 M (IWoo fe Urrvi 
2002) allow us to constrain the emission radius to be 
<; 1 pc, using Keplerian arguments. In short, the reflec- 
tion spectrum of the nucleus of NGC 2110 is dominated 
by fluorescent emission from neutral material at a large 
distance from the central supermassive black hole 

The Chandra and XMM-Newton data presented here 
allow us to comment on previous attempts with ASCA 
to model the Fe Ka line complex in NGC 2110 (as part 
of a co-added sample of Seyfert 2 spectra) as having 
a significant contribution from a relativistically blurred 
"diskline" , ei ther oriented at an interme diate angle to the 
line of sight jW cavcr fe Reynolds! 1 1998h or close to face 
on ([Turner et alJll99a ). The data rule out the presence 
of a strong diskline component that was detected down t o 
~ 4 keV in the co-added sample of iTurner et al.1 (|1998|) . 
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and also highlight the insensitivity of ASCA to the com- 
plex layers of absorption we detected with Chandra and 
XMM-Newton in NGC 2110. There is tentative evidence 
for a slightly broadened (4500^2200 km s_1 ) component 
to the line profile, but this cannot be construed to be 
disklinc emission. Unmodcled absorption could explain 
the presence of the red wing of the Fe Ka profile in 
the ASCA sample, as has been sugg ested for NGC 378 3 
dReeves et al.ll2(Y)l and NGC 3516 ([Turner et al.ll2005h . 
and we note in general that it is of critical importance 
to accurately model absorption effects in order to decon- 
volve the iron line complex from the underlying contin- 
uum. 

The lack of highly broadened Fe Ka line emission may 
imply that reflection from the very innermost portions 
of an accretion disk is genuinely absent from NGC 2110; 
further support for this model is confirmed by the sub- 
stantially sub-Eddington luminosity of the accretion flow 
(X x /£ E dd~T(U 3 , or Lboi/£Edd~KU 2 if the X-ray lumi- 
nosity is 10% of the bolometric luminosity), and by new 
observations of the >10 keV spectrum with Suzaku that 
place a st rong upper limit to the reflection fraction, R, 
of <10% (|Reeves et al.l [20061 Okajima et al. 2007, in 
preparation) . 

10.2. The origin of the circumnuclear absorption 

A naive initial parametrization of the nuclear spectrum 
of NGC 2110 as the sum of (1) a T ~ 1.4 power law, 
absorbed by a column of 2.8 x 10 22 cm -2 , and (2) a lightly 
absorbed power law of identical photon index, has several 
difficulties in accounting for the detailed properties of the 
spectrum. First, the spectrum has significantly larger 
Si and Fe K edges that could be accounted for by the 
initial model. Second, the Fe Ka equivalent width of 
80 ± 30 eV is rather larger than the ~30-40 eV that 
would be predi cted from an absorb ing column of 3 x 
10 22 cm" 2 (e.g. JMivazaki et al.lll996fl . Finally, the X-ray 
spectrum of the source is known to steepe n to r~1.9±0.1 
when data above 13 keV are considered (Malagut i et al.l 
1999). These pieces of evidence indicate that a more 
complex spectral model is necessary to adequately model 
the spectrum. 

There are several models that may account for the nu- 
clear spectrum. We considered in detail a partially cov- 
ered power law of photon index T ~ 1.7, absorbed by 
columns Ah,i=1.3 x 10 23 cm -2 (with a covering fraction 
of 32%), iVH,2=2.8 x 10 22 cm" 2 (covering 96% of the nu- 
clear emission), together with a fully-covering screen of 
Ah, 3=7. 7 x 10 20 cm -2 . In terms of the transmission frac- 
tions, ~31% of the emission is absorbed by an integrated 
column of 1.6 x 10 23 cm" 2 , ~1% by 12.9 x 10 23 cm" 2 , 
^65% by 2.8 x 10 22 cm -2 , and the remaining 3% by 
7.7 x 10 20 cm -2 . The addition of the 10 23 cm -2 coverer 
produces sufficient opacity at the Si and F e K edges to be 
consis tent with the data, as discussed by lHavashi et al.l 
(1996), and the predicted equivalent width is consistent 
with the measured value. Further, this model provides an 
elegant means of reconciling the 2-10 keV power law pho- 
ton index with that of the >10 keV spectrum. Although 
we cannot make a definitive claim as to the origin of the 
partially covering 10 23 cm -2 absorber, it remains plau- 
sible that it originates in broad-line regio n clouds in the 
vicinit y of the AGN, as first proposed by Havashi et al. 
(1996)'. The 3 x 10 22 cm~ 2 absorber through which 65% 



of the nuclear emission is transmitted is likely to (1) have 
a flattened geometry in order to allow the small scale ra- 
dio jet to escape and (2) be at a distance further from the 
supermassive black hole than the majority of the optical 
broad line region. The required large distance is con- 
sistent with the measured velocity width of the narrow 
Fe Ka line core. 

Alternatively, the observed spectrum could be repro- 
duced with a model in which the circumnuclear absorb- 
ing structure is partially ionized. With a more modest 
column than the neutral partial coverer model described 
above, a partially ionized absorber would transmit some 
low-energy continuum emission, and one could instead 
associate resonance absorption effects fr om a partially 
ioniz ed coverer between 7-8 keV (e.g., iKallman et al.l 
120041) with the K edge of neutral Fe in low signal-to-noise 
data. However, our Chandra and XMM-Newton obser- 
vations are insufficient to test the broad-band properties 
of this model, since a measurement of the high-energy 
continuum is necessary to constrain the photon index of 
the power law. However, we find no evidence of discrete 
ionized absorption features in the spectrum, which may 
disfavor this model. Observations with Suzaku (Okajima 
et al., in preparation) will be able to better evaluate the 
ionized absorber model. 

10.3. NGC 2110 in the context of Seyfert and Narrow 
Emission Line Galaxies 

NGC 2110 was originally classed as a Narrow Emission 
Line Galaxy due to it having the Seyfert 1-like charac- 
teristics of strong flat-spectrum (r~1.5) 2-10 keV X-ray 
emission and a broad Ha line, but Seyfert 2-likc features 
in the form of prominent narrow (< 600km s -1 ) optical 
emission lines and signi ficant X-ray a bsorption dS hudcr 
Il980t iMushotzkvi Il982fh This led lLawrence fe Elvis! 
( 1982) to suggest that NELGs may represent transition 
objects between the two classes. 

Our new Chandra and XMM-Newton observations 
have shown that the power-law photon index is not flat, 
once the complex absorption of the nucleus is taken into 
account, and we suggest that the X-ray spectrum of 
NGC 2110 is consistent with that of a Seyfert 2 galaxy. 
We speculate that the broad Ha line could be caused by 
transmission through the "leaky" absorber, since a small 
fraction of the nuclear emission escapes through a very 
modest column. Although we cannot place constraints 
on the inclination of the nucleus with respect to the ob- 
server by modeling diskline emission, we note that (1) 
the high intrinsic absorption of the source and (2) the 
two-sided radio jet both suggest that the nucleus is in- 
clined at low (i.e., edge-on) to intermediate angles, which 
would be consistent with AGN unification schemes. 

10.4. The soft excess and ionized emission lines 

The large Galactic column towards NGC 2110 means 
that detections of features in the low-energy gratings 
spectra are at best tentative. However, the possible de- 
tections of O vni Ly a em ission and a narrow O VIII RRC 
feature (first reported by iGuainazzi fe Bianchil 120061) al- 
low us to place some constraints on th e physical processes 
associated with the soft excess. We ([Evans et al.l 120061) 
detected resolved X-ray emission that lies ~160 pc north 
of the nucleus, and considered several models that may 
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account for it, including collisional ionization, photoion- 
ization, and electron-scattering of nuclear radiation. The 
potential detection of the narrow O vm RRC feature may 
suggest that photoionization processes are important in 
the vicinity of the nucleus of NGC 2110, though we can- 
not rule out collisional ionization being responsible for 
the extended X-ray circumnuclear environment. 

11. CONCLUSIONS 

We have presented results from Chandra HETGS 
and XMM-Newton EPIC and RGS observations of 
NGC 2110, a source historically classified as a nearby 
Narrow Emission Line Galaxy. Our results support the 
interpretation that the X-ray spectrum of the source is 
dominated by absorption and fluorescence from neutral 
material at a large distance from the central supermas- 
sive black hole, and that the source is consistent with a 
Seyfert 2 galaxy viewed through a patchy absorber. To 
summarize our conclusions: 

1. The continuum X-ray spectrum of the source is 
best described by a power law of photon index L ~ 
1.7, absorbed by columns 7V H ,i=l-3 x 10 23 cm" 2 
(with a covering fraction of 32%), ^,2=2.8 x 
10 22 cm" 2 (covering 96%), together with a fully- 
covering screen of A^h,3=7.7 x 10 20 cm" 2 . In 
terms of the transmission fractions, ^31% of the 
emission is absorbed by an integrated column of 

1.6 x 10 23 cm" 2 , -1% by 12.9 x 10 23 cm" 2 , ~65% 
by 2.8 x 10 22 cm" 2 , and the remaining 3% by 

7.7 x 10 20 cm- 2 . 

2. This multiple partial coverer model has a number 
of advantages over a more simple parametrization 
of the X-ray spectrum. First, the photon index of 
the power law is significantly steeper than in simple 
models, which reconciles the shape of the 2-10 keV 
continuum with that of the >10 keV spectrum and 
demonstrates that this NELG does not have a flat 
photon index as first suggested. Second, the model 
provides sufficient opacity at the neutral Si and Fe 
K edges to be consistent with the spectrum. 

3. We detect marginally resolved emission from neu- 
tral Fe Ken and Si Ka lines with the Chandra 
HETGS, which allows us to constrain the emis- 
sion radius of these fluorescent features to ^ 1 
pc from the central supermassive black hole. The 
data rule out the presence of a strong disklinc, and 
we suggest that inner-disk reflection is absent in 
NGC 2110. 

4. We report the additional detection of fluorescent 
S Ka emission, as well as tentative Ar and Ca Ka 
lines. 

5. The tentative detections of ionized emission lines in 
the low-energy gratings spectra may support mod- 
els in which collisional ionization or photoioniza- 
tion are important processes in the vicinity of the 
NGC 2110 nucleus. 

6. We suggest that the 10 23 cm" 2 partially cover- 
ing absorber takes the form of broad-linc region 
clouds in the vicinity of the AGN, and that the 



3 x 10 22 cm" 2 coverer is likely to have a flattened 
geometry in order to allow the small-scale radio jet 
to escape and is at a significant distance from the 
supermassive black hole for it to obscure the ma- 
jority of the optical broad line region. 

7. The measured photon index and high intrinsic ab- 
sorption of the nuclear spectrum of NGC 2110 arc 
consistent with that of a typical Seyfert 2 galaxy. 
This, together with the two-sided radio jet, may 
imply that the nucleus is oriented at edge-on to 
intermediate angles to the line of sight, consistent 
with unified models. 
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Fig. 1. — Lightcurves for the four epochs of Chandra HETGS data, in the energy ranges 0.5-2 keV and 2-7 keV, and binned to 500-second 
time intervals. The first three observations, performed in 2001 December, show no variability. However, the fourth observation, performed 
in 2003 March, shows a significant decrease in count rate. Here, black points correspond to data from OBSID 3143, green to OBSID 3418, 
red to OBSID 3417, and blue to OBSID 4377. 




Fig. 2. — 90% confidence (for two interesting parameters) contours of the intrinsic absorption and photon index for the 2001 December 
Chandra HETGS observations (OBSIDs 3143, 3417, and 3418 combined) (black solid line), the 2003 March Chandra HETGS observation 
(black long-dashed lines), and the 2003 March XMM-Newton EPIC observation (dark gray short-dashed line). 




channel energy (keV) 



Fig. 3. — 0.5-9 keV Chandra MEG (black) and XMM-Newton pn (red) spectra and data/model ratio of NGC 2110, plotted against an 
absorbed power law fitted in the 2—9 keV band. A strong soft excess is seen at energies $ 1.5 keV, and emission in the Fe Ka bandpass 
(not included in the continuum fitting) is also observed. 
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Fig. 6. — Energy and linewidth confidence contours for the Si Ka line core measured from the Chandra HETGS spectra. Shown are the 
68%, 90%, and 99% contours. 
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Fig. 7. — Full-resolution Chandra HEG counts spectrum in the Fe Ka bandpass, showing model fits to the continuum plus: (light gray) 
a narrow Gaussian Fe Ka line core; (black) a narrow Gaussian Fe Ka line core plus a broad Gaussian Fe Ka base. 
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FlG. 8. — XMM-Newton pn counts spectrum and data/model residuals in the Fe Ka bandpass. The model fit shown is the sum of an 
absorbed power law, an additional Fe K edge and Fe Ka and K/3 emission lines. 
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FlG. 9. — Chandra MEG flux spectrum in the energy range 1.6—1.9 keV. The model fit is the sum of a heavily absorbed power law and a 
lightly absorbed power law, an additional Si K edge and emission from neutral Si Ka. 
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Fig. 11. — 0.5-1 keV spectra of NGC 2110, using data from Chandra MEG data in 2001 December (top panel, Chandra MEG data in 
2003 March (second panel, XMM-Newton RGS1 data in 2003 March (third panel, and XMM-Newton RGS2 data in 2003 March (bottom 
panel. Plotted are the transitions that are tentatively detected; O VIII Ly a emission, an O VIII RRC, and a forbidden (z) Ne IX line. For 
comparison, we also show O VIII Ly f} emission, the O VII RRC, the O VII and Ne IX triplets, and neutral O K« line. We caution that any 
detection of features in this low-energy spectrum is at best marginal. 
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TABLE 1 
Observation Log 



Telescope 


Instrument 


Date 


Observation ID 


Nominal Exposure (ks) 


Chandra 


HETGS 


2001 December 19 


3143 


35 


Chandra 


HETGS 


2001 December 20 


3418 


80 


Chandra 


HETGS 


2001 December 22 


3417 


35 


Chandra 


HETGS 


2003 March 05 


4377 


100 


XMM-Newton 


EPIC 


2003 March 05 


0145670101 


60 


XMM-Newton 


RGS 


2003 March 05 


0145670101 


60 



TABLE 2 

Results from initial spectral fitting to the broad-band continuum 



Component 


Parameters 


Normalization 


0.5-10 keV unabsorbed 
luminosity (ergs s _1 ) 


Soft PL 


JV H = (4.16+J-g) x 10 20 cm" 2 
T = 1.40 ±0.04 


MEG=(2.66±0.42) x 10~ 4 
XMM=(2.47l°,;2i) x 10 ~ 4 


(3.34 ± 0.53) X 10 41 
(3.10±g-lg) x 10 41 


Hard PL 


Nn = (2.80 ± 0.10) x 10 22 cm" 2 
T = 1.40 ±0.04 


MEG=(6. 49^0.34) x 10" 3 
XMM=(4.27t°,' 2 4) x 10~ 3 


(8.15+;;-*) x 10 42 

(5.36lJ', : ^) x 10 42 



Note. — The normalization is quoted in units of photons cm 1 s 1 kcV 1 at 1 keV. 



TABLE 3 

Fluorescent emission lines detected in the Chandra HETGS spectra 



Line Energy (keV) a (eV) Width (km s v ) Equivalent width (cV) 



Fe Ka (narrow) 


6.397 ±0.007 


19+1 3 


900t 4 °° 


0-1+27 


Fe Ka (broad) 


6.397 ±0.007 


96t 4 > 


45001M88 


fi o+39 


S Ka 


2.303 ± 0.008 


As Si Ka 




5 q+36 

O.M_ 3 2 


Si Ka 


1.740 ±0.002 


3 6+ 2 ' 4 


6001 4 3°° 


5 6+ 2 ' 
°- D -1.8 


Ca Ka 


3 691 + 007 


As Si Ka 


4 6+ 3 ' 5 


Ar Ka 


2.951 ± 0.003 


As Si Ka 




6 1+ 4 - 4 

°- i -4.3 



Note. — Errors on the energy and width of the lines are quoted as 90% confidence for 
two interesting parameters (i.e. Ax 2 =2.3). The errors on the equivalent width take into 
account the 90% confidence for one interesting parameter associated with the normalization 
of the Gaussian line only. 



TABLE 4 

Best-fitting Parameters of Multiply 
Absorbed Power Law Model 



Component 


Value 


JV H ,i 


(1.28 ±0.13) X 10 23 


ci =0.32 ±0.01 


iV H ,2 


(2.76 ±0.03) x 10 22 


c 2 = 0.96 ±0.001 


A+I,3 


(7.68 ± 1.04) x 10 2U 




C 3 = l 


PL 


r = 1.74 ±0.05 




norm M EG=(l-23±0.02) X 10" 2 




norm HEG =(1.18±0.02) X 10~ 2 




norm XMM =(0.87 ± 0.02) X 10~ 2 



Note. — Errors quoted 90% confidence for one 
interesting parameter. Note that there are signif- 
icant degeneracies between these parameters. 



